However, the influence of the teaching status of hospitals on quality of care and outcomes remains controversial. In the Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes With Early Implementation of the American College of Cardiology/American Heart Association Guidelines (CRUSADE) registry, Bhatt et al 7 did not find that THs were more likely to use early invasive management in high-risk acute coronary syndrome, although THs were more likely to provide evidence-based care. Furthermore, it would be important to evaluate the impact that large-scale national quality improvement programs would have had in improving adherence to guideline-concordant care at both THs and NTHs institutions in a broad population. We hypothesized that participation in the Get With The Guidelines (GWTG)-Coronary Artery Disease (CAD) program would improve the quality of care received by hospitalized patients with CAD at both THs and NTHs and would facilitate greater temporal achievement of guideline-concordant care.
Methods

GWTG Program Design
The GWTG-CAD is a national quality improvement initiative that aims to increase adherence to guideline recommendations for secondary prevention in patients admitted with CAD. This hospital-based program involves a trained multidisciplinary team of doctors, nurses, quality improvement personnel, and ancillary staff who participate in educational sessions and collaborative workshops on standardized quality improvement methodology and allows idea sharing and interactive learning. 8 Participating institutions in the registry use an Internetbased patient management tool (Outcome Sciences, Inc, Cambridge, MA) to submit clinical information on the medical history, hospital care, and outcomes of consecutive patients hospitalized for CAD. Patients hospitalized with CAD were identified for inclusion on the basis of prospective clinical identification, retrospective identification with International Classification of Diseases, Ninth Revision, Clinical Modification discharge codes, or a combination. The eligibility of each CAD admission was confirmed on chart review before abstraction. GWTG-CAD also aids in real-time decision making by allowing providers to access guideline recommendations and provides on-demand hospital data feedback on key quality measures. [9] [10] [11] Outcome Sciences, Inc is the data collection coordination center for the American Heart Association/American Stroke Association GWTG programs. The Duke Clinical Research Institute (Durham, NC) served as the data analysis center. THs (per the American Hospital Association database) are defined as having an Accreditation Council for Graduate Medical Education-approved residency program or being a member of the Council of Teaching Hospitals. 12
Patient Population
Our study population started with 274 490 patients from 377 hospitals in the United States fully participating in the GTWG-CAD program from January 2000 to September 2009. Hospitals with unknown teaching status were excluded from this analysis, leaving 270 902 patients admitted with CAD or CAD equivalents (acute ST-segment and non-ST-segment MI, CAD, heart failure with CAD, peripheral artery disease, and unstable angina) from 361 hospitals. In the analysis population, 155 414 patients were admitted to THs (n=176) and 115 488 patients were admitted to NTHs (n=185). Baseline and clinical characteristics were obtained, which included demographics, medical history, admission vital signs and laboratory values, ejection fraction, hospital characteristics, region, and years of participation in the GWTG program. Most measures exclude patients who transferred to another hospital, left against medical advice, or expired. However, measures that involve treatment in the first 24 hours do not by convention exclude patients who transferred, whereas discharge measures by convention exclude patients who transferred. Thus, these patients were not excluded from the entire study cohort, only from applicable measures.
Definitions and End Points
The primary outcome was guideline-concordant care, defined as 100% compliance with all 6 GWTG-CAD quality measures: (1) aspirin within 24 hours in acute coronary syndrome, (2) aspirin at discharge in CAD patients, (3) angiotensin-converting enzyme inhibitors or angiotensin receptor blockers at discharge for patients with left ventricular systolic dysfunction, (4) β-blockers at discharge in CAD patients, (5) lipid-lowering medication treatment in CAD patients with low-density lipoprotein >100 mg/dL, and (6) smoking cessation counseling among current smokers. 13 In addition to the composite end point, the achievement of additional quality measures was analyzed: (1) angiotensin-converting enzyme inhibitors for patients with an acute MI, (2) blood pressure control ≤140/90 mm Hg at discharge, (3) β-blockers within 24 hours, (4) lipid-lowering medication at discharge, and (5) cardiac rehabilitation or exercise counseling. The aspirin and β-blocker within 24-hour performance measures apply only to acute MI patients, whereas the discharge aspirin and β-blocker measures apply to all CAD patients, hence the different number of patients in the denominators. Temporal changes at both academic and nonacademic institutions were compared. Data on the rates of inpatient invasive procedures, inpatient mortality, and length of stay (LOS) were also obtained.
Statistical Methods
Wilcoxon rank-sum test and χ 2 test were used to compare continuous and categorical variables, respectively, among patients from academic and nonacademic hospitals. Multivariate logistic regression was used to assess the relationship between TH and NTH status on performance and quality measures, in-hospital mortality, use of invasive procedures, and LOS. To account for hospital clustering, we
WHAT IS KNOWN
• Participation in national quality improvement programs such as Get With The Guidelines-Coronary Artery Disease is associated with greater adherence to guideline-recommended therapies for coronary artery disease. • Hospital teaching status has been associated with better performance in prior studies, but it is unclear whether these differences are observed among hospitals participating in national quality improvement programs.
WHAT THE STUDY ADDS
• Among Get With The Guidelines-Coronary Artery Disease-participating hospitals, guideline-concordant care in coronary artery disease was initially higher at teaching hospitals. • There was a significant temporal improvement in guideline adherence at both teaching and nonteaching hospitals with each year of participation in the Get With The Guidelines-Coronary Artery Disease program both by program years and by calendar years.
• Participation in Get With The Guidelines-Coronary
Artery Disease was associated with greater relative improvement at nonteaching hospitals such that differences by hospital teaching status in guideline-recommended care were eliminated over time.
used generalized estimating equation models. The following variables were included in the adjusted models: age, sex, race (whites versus nonwhites), body mass index, medical history (heart failure, chronic obstructive lung disease/asthma, diabetes mellitus on oral medications, diabetes mellitus on insulin, hyperlipidemia, hypertension, cerebrovascular accident/transient ischemic attack, peripheral vascular disease, and renal failure), years in the program, number of beds in the hospital and region of the United States, arrival during onor off-hours, smoking, and diagnosis (CAD, unstable angina, heart failure with CAD, acute MI, cerebrovascular disease, peripheral vascular disease, other). The models of in-hospital procedures were also adjusted for hospital revascularization capability. Missing values for individual characteristics were imputed to the most common category for categorical variables (race, medical history) and with sex-specific medians for continuous variables (body mass index). Compliance rates by academic status for each year in GWTG-CAD were evaluated with χ 2 tests.
Results
Baseline Characteristics
Of the 270 902 patients admitted with CAD from 361 hospitals participating in the GWTG-CAD program during the study period, the median age was 69 years at NTHs and 67 years at THs. Of the patients treated at THs, 23.5% were nonwhite, whereas only 16% of patients at NTHs were identified as nonwhite.
THs had more patients with a history of hypertension (72% compared with 67.6% at NTHs). THs also had more patients with hyperlipidemia with a baseline demographic of 45.8% compared with 42.4% of patients at NTH. Other baseline demographics and medical history were similar among patients treated at THs and NTHs (Table 1 ).
Performance and Quality Measures
In unadjusted analyses, THs demonstrated significantly higher achievement of quality measures of care than NTHs, except for aspirin administration within the first 24 hours ( Figure 1 ). Both THs and NTHs showed temporal improvement with each year of participation in the GTWG-CAD program both by program years and by calendar years (Figures 2 and 3 Figure 2 ). After 5 years of participation in the GWTG-CAD program, NTHs surpassed THs in the rates of achievement of guideline-concordant care (THs, 87.5% versus NTHs, 89.6%; Figure 2 ); however, this finding was not statistically significant after taking into account the clustering of data within hospitals (P=0.37).
Use of Invasive Procedures and In-hospital Outcomes
The unadjusted data on the use of invasive procedures and inhospital outcomes are presented in Table 3 . After adjustment, coronary artery bypass grafting was more frequent in NTH hospitals, whereas the rates of coronary angiography and percutaneous intervention were similar at TH and NTH (Figure 4 ).
Before adjustment, there was no significant difference in LOS >4 days (OR, 1.10; CI, 0.97-1.25; P=0.12). However after adjustment, TH were less likely to have an LOS >4 days (adjusted OR, 0.74; CI, 0.58-0.94; Figure 4 ) from 2000 to 2009, although the LOS decreased in both TH and NTH over calendar time (adjusted OR, 0.96; CI, 0.94-0.99; P<0.01 and adjusted OR, 0.95; CI, 0.93-0.97; P<0.01; Table 4 ). There was a trend toward lower in-hospital mortality at TH (3.7% at THs versus 4.4% at NTHs; P<0.01; Table 3 ), with an OR of 0.87 (CI, 0.72-1.06; P=0.17) and adjusted OR of 0.88 (CI, 0.73-1.07; P=0.21; Figure 4 ) from 2000 to 2009. However, after adjustment by calendar time, there was no significant difference in in-hospital mortality in THs or NTHs. The ORs for program years and calendar years by hospital teaching status for guideline-concordant care, in-hospital mortality, and LOS >4 days are presented in Table 4 .
Discussion
Among hospitals participating in GWTG-CAD, THs provided more guideline-concordant care in patients admitted with CAD during initial program participation and overall between 2000 and 2009. In an adjusted analysis, higher guideline-concordant care in THs was driven mainly by compliance with aspirin and β-blocker guidelines. Care at both THs and NTHs participating in the GWTG-CAD improved over time; however, there was greater improvement in NTHs such that after 4 years of GWTG participation, care was of higher quality in NTHs. These findings suggest that participation in GWTG-CAD was associated with the elimination of differences in guideline-recommended care between teaching and nonteaching hospitals.
Previous studies have evaluated the association between hospital teaching status and quality of care. Chen et al 14 found that elderly patients with acute MI treated at 60 top-ranked hospitals in cardiology on the list of America's Best Hospitals published between 1995 and 1997 by the US News and World Report were more likely to receive aspirin and β-blockers and had lower mortality than similarly equipped hospitals and nonsimilarly equipped hospitals. All of the 60 top-ranked hospitals were THs, whereas 56% of similarly equipped hospitals were THs and only 9% of nonsimilarly equipped hospitals were teaching institutions. That study suggests that hospital teaching status is associated with better performance but does not specifically assess the impact of teaching status on performance.
In a study of Medicare patients with acute MI, Allison et al 15 found that THs performed better in terms of the administration of aspirin, angiotensin-converting enzyme inhibitors, and β-blockers. Care at academic medical centers cost 44% more than other urban NTHs, and even nonacademic medical center THs are 14% more expensive than their nonteaching counterparts. 16 In an era of healthcare reform and emphasis on reducing healthcare costs, it would be important to determine whether the care at THs balances the additional costs with better performance.
Lewis et al 17 demonstrated that hospitals participating in the GWTG-CAD program had improved guideline adherence compared with non-GWTG-CAD hospitals. TH status was an independent predictor of compliance with guidelines; however, THs made up only 7.7% of the hospitals studied, and temporal improvement in guideline adherence with participation in the GWTG-CAD program was not evaluated. In CRUSADE, there was a trend toward more evidence-based care at larger THs; however, multivariate analysis only demonstrated the presence of cardiac revascularization facilities and treatment by a cardiologist as significant predictors of greater guideline adherence. 18 We studied a comprehensive population of >270 000 patients who were cared for at both THs and NTHs from all regions of the United States. Our study also illustrates a substantial opportunity for further improvement in increasing guidelineconcordant care in CAD in the United States as non-guidelineconcordant care exceeded 20% at both THs and NTHs overall.
Although guideline-concordant care was significantly higher at THs over the course of the study, our analysis found that each year of participation in this quality improvement initiative resulted in increased guideline adherence and greater In fact, NTHs demonstrated more incremental improvement over time than THs. The greater temporal improvement in NTH may possibly be attributed to the lower initial adherence rate at NTHs because they may have had more potential for improvement. At baseline, the opportunities for medical education and dissemination of practice guidelines may be greater at THs, but the implementation of this quality improvement program minimizes these differences and allows NTH to achieve a level of guideline compliance that is comparable with the care at TH.
The differences in the measures between THs and NTHs are modest and would not be expected to translate into differences in in-hospital mortality; as has been shown in prior studies, these measures together explain only 6% of the variation in 30-day mortality risk. Secondary prevention therapies are more likely to affect longitudinal end points at a later time point, which are not evaluated in the GWTG database.
A limitation of our study is the lack of postdischarge outcomes in the GWTG registry. We also could not evaluate other clinical end points such as hospital readmission and recurrent MI/ischemia. There is also the potential for possible sampling bias because hospitals included in this study were voluntary participants. This may have selected for hospitals of higher quality with a greater focus on improving the delivery of care or the corollary, ie, poorer-performing hospitals that had greater room for improvement. The quality measures included in GWTG-CAD are only a subset of all guideline-recommended therapies in acute coronary syndrome and quality, and comprehensive care of CAD includes other indicators that were not measured. The GWTG-CAD program only includes hospitals in the United States and thus results may not necessarily be generalized to include other countries. The findings from our analysis apply to common issues in CAD but may not pertain to other disease states or subspecialties. Furthermore, it is important to note that there are many inherent differences in the structures and characteristics of THs and NTHs. Hospitals that elect to participate in GWTG may be more motivated to improve performance and have the capabilities to participate, which could be different from those hospitals that decide not to participate in the GWTG program. The improvements in care over time may reflect more than GWTG-CAD participation, including national secular trends, additional local and national improvement efforts, public reporting of acute MI measures, or other factors. Although we adjusted for all pertinent confounders that were collected, it is not possible to adjust for all elements. Residual measured and unmeasured confounding variables may account for some of our findings.
Conclusions
We found that among hospitals engaged in a national quality monitoring and improvement system, evidence-based care for CAD has improved over time for all patients in both THs and NTHs. Furthermore, the present study suggests that participation in GWTG-CAD was associated with initial differences by hospital teaching status in guideline-recommended care being eliminated after ≥5 years in the program; NTHs reached a high level of guideline concordance, which was comparable to that of THs. The majority of medical care in the United States is provided at NTHs, and greater standardization of quality measures through quality improvement initiatives will advance care at both teaching and nonteaching institutions and significantly improve compliance with evidence-based recommendations and therapies.
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